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(57) ABSTRACT 

The invention relates to an illumination system (4) compris 
ing at least one light source (10) for emitting light of a pre 
dominant wavelength (W), and a light-transmitting panel (14) 
which comprises a light-emitting window (16), a rear wall 
(18) situated opposite said light-emitting window, and edge 
walls (20) extending between the light-emitting window and 
the rear wall. Light from the LED is coupled into the light 
transmitting panel and is transported Substantially via total 
internal reflection. The rear wall is provided with a two 
dimensional array of recesses (22, 24). A sub-set of recesses 
(22) is distributed substantially regularly on the rear wall. 
Each recess (22A, 22B, 22C) from the sub-set (22) comprises 
scattering material (26). When light from the light-transmit 
ting panel reaches the scattering material of the recess, part of 
the light (W) is coupled out of the light-transmitting panel via 
scattering. The regular distribution of the scattering material 
on the rear wall improves the uniformity of the light emitted 
via the light-emitting window. In an embodiment of the illu 
mination system, the scattering material comprises a lumi 
nescent material (28), which absorbs light of the predominant 
wavelength (UV) and emits light of a further predominant 
wavelength (R,G,B). 

3 Claims, 7 Drawing Sheets 
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1. 

ILLUMINATION SYSTEM FOR LUMINARES 
AND DISPLAY DEVICE 

RELATED APPLICATIONS 

This application claims priority under 35 U.S.C. S 120 as a 
continuation application to currently pending U.S. patent 
application Ser. No. 12/377,667 filed Feb. 16, 2009. 

TECHNICAL FIELD 

The invention relates to an illumination system comprising 
a light source and a light-transmitting panel comprising a 
light-emitting window, a rear wall situated opposite said 
light-emitting window, and edge walls extending between the 
light-emitting window and the rear wall. 
The invention also relates to a luminaire and a display 

device. 

BACKGROUND 

Such illumination systems are known per se. They are 
used, inter alia, as luminaires for general lighting purposes, 
for example, for office lighting or shop lighting, for example, 
shop-window lighting or lighting of (transparent or semi 
transparent) plates of glass or of (transparent) synthetic resin 
on which, for example, jewelry is displayed. An alternative 
application is the use of Such systems for illuminating bill 
boards. 

Such known illumination systems are also used as back 
light-emitting panels in (picture) display devices, for 
example, for TV sets and monitors. These systems are par 
ticularly Suitable for use as backlights for non-emissive dis 
plays Such as liquid crystal display devices, also referred to as 
LCD panels, which are used in (portable) computers or (por 
table) telephones. 

These display devices usually comprise a Substrate pro 
vided with a regular pattern of pixels, each of which is con 
trolled by at least one electrode. The display device utilizes a 
control circuit for achieving a picture or a data-graphical 
display in a relevant field of a (picture) screen of the (picture) 
display device. The light originating from the backlight in an 
LCD device is modulated by means of a switch or modulator, 
using various types of liquid crystal effects. In addition, the 
display may be based on electrophoretic or electromechanical 
effects. 
The illumination system mentioned in the opening para 

graph comprises a light-emitting diode (further also referred 
to as LED). This LED may be provided in the vicinity of or 
tangent to a light-transmitting edge Surface of the light-emit 
ting panel, in which case light originating from the light 
Source is incident on the light-transmitting edge Surface dur 
ing operation and distributes itself in the panel. Alternatively, 
the illumination system comprises a plurality of LEDs, which 
may be distributed on the rear wall of the light-transmitting 
panel. 

Such a system for illuminating an image display device is 
known from US patent application US 2004/0130515. The 
illumination system comprises a plurality of LEDs and a light 
guide plate. The LEDs are arranged for direct illumination of 
the image display device in a regular array. The light guide 
plate is arranged between the regular array of LEDs and the 
image display device and has a plurality of recesses, each 
recess comprising a LED from the plurality of LEDs. The 
known illumination system has the disadvantage that the 
light-emitting window has a relatively poor uniformity 
throughout. 
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2 
SUMMARY 

It is an object of the invention to provide an illumination 
system having an improved uniformity. 

In accordance with a first aspect of the invention, this 
object is achieved with an illumination system comprising: 

at least one light source for emitting light of a predominant 
wavelength; and 

a light-transmitting panel comprising a light-emitting win 
dow, a rear wall situated opposite said light-emitting window, 
and edge walls extending between the light-emitting window 
and the rear wall, the light-transmitting panel further com 
prising a light entrance window for coupling at least part of 
the light emitted by the light Source into the light-transmitting 
panel, said light being transported, in operation, through the 
light-transmitting panel Substantially via total internal reflec 
tion between the light-emitting window and the rear wall; 

the rear wall of the light-transmitting panel being provided 
with a two-dimensional array of recesses, a Sub-set of 
recesses of the two-dimensional array of recesses being dis 
tributed substantially regularly on the rear wall, each recess of 
the Sub-set of recesses comprising scattering material for 
coupling out light from the light-transmitting panel through 
the light-emitting window. 
The effect of the measures according to the invention is that 

the light emitted by the at least one light source is coupled out 
from the light-transmitting panel of the illumination system 
via scattering material in the recesses which are distributed 
substantially regularly on the rear wall. The light emitted by 
the at least one light source is coupled into the light-transmit 
ting panel and travels through the light-transmitting panel via 
total internal reflection between the light-emitting window 
and the rear wall. Due to confinement of the light in the 
light-transmitting panel, the light emitted by the at least one 
light source is mixed and distributed substantially uniformly 
in the light-transmitting panel. The Sub-set of recesses is 
distributed substantially regularly on the rear wall, resulting 
in a Substantially regular distribution of the scattering mate 
rial on the rear wall. This substantially regular distribution of 
the scattering material generates a uniform distribution of the 
light emitted from the light-emitting window. In the known 
system, the plurality of light-emitting diodes (further also 
referred to as LEDs) is arranged in a matrix for direct illumi 
nation of the image display device. The light guide plate is 
arranged between the plurality of LEDs and the image display 
device to distribute the light on part of the area of the light 
guide plate. However, due to variations of emission charac 
teristics of the LEDs in the plurality of LEDs, such as inten 
sity and/or color variations between the emission of the 
LEDs, the uniformity of light emission throughout the matrix 
of LEDs is relatively poor, resulting in a relatively poor uni 
formity of the light emitted from the light guide plate to the 
image display device. This relatively poor uniformity is 
clearly visible on the image display device. A known remedy 
to avoid this reduction of uniformity due to emission differ 
ences of the LEDs in the matrix of LEDs is to test each LED 
and select LEDs that have Substantially matching emission 
characteristics for use in a specific matrix of LEDs. This 
process, also commonly known as binning, is a relatively 
costly solution. In the illumination system according to the 
invention, the rear wall of the light-emitting panel comprises 
the Sub-set of recesses, which comprise scattering material. 
The recesses of the sub-set are distributed substantially regu 
larly on the rear wall, which results in a substantially regular 
distribution of the scattering material on the rear wall. When 
light from the light-transmitting panel reaches a particular 
recess of the sub-set of recesses (typically after several inter 
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nal reflections), the light penetrates the particular recess and 
is scattered by the scattering material. Subsequently, part of 
the scattered light will be coupled out from the light-trans 
mitting panel and part will be re-confined in the light-trans 
mitting panel via total internal reflection. The regular distri 
bution of the scattering material on the rear wall improves the 
uniformity of the light emitted via the light-emitting window. 

Use of the illumination system according to the invention 
has the further advantage that direct glare from the illumina 
tion system is prevented. Direct glare is a visual discomfort 
resulting from insufficiently shielded light sources. Espe 
cially when using the illumination system according to the 
invention in a general lighting system such as aluminaire, the 
light source of the luminaire should preferably not be directly 
visible or should be shielded in accordance with predefined 
regulations. In the illumination system according to the 
invention, the emitted light results from confined light from 
the light-transmitting panel being scattered from the light 
transmitting panel through the light-emitting window. The 
light emitted by the at least one light Source is Substantially 
confined and mixed inside the light-transmitting panel and 
Substantially only emitted from the light-transmitting panel 
via the scattering material. Due to this arrangement, the at 
least one light source is not directly visible when viewing the 
illumination system via the light-emitting window and, as 
Such, direct glare from the illumination system is prevented. 

In an embodiment of the illumination system, the scatter 
ing material comprises aluminescent material absorbing light 
of the predominant wavelength and emitting light of a further 
predominant wavelength. This embodiment has the advan 
tage that the claimed arrangement of the luminescent material 
allows a relatively broad range of luminescent materials to be 
used in the illumination system according to the invention. 
Generally, luminescent materials which determine the further 
predominant wavelength emitted by the known illumination 
systems are directly applied to the light source, for example, 
on light-emitting diodes, or, for example, on high-pressure 
gas discharge lamps. However, the choice of luminescent 
materials to be directly applied to the light source is limited, 
because these materials must be able to withstand, in opera 
tion, a relatively high temperature of the light Source and at 
the same time withstand, in operation, a relatively highlight 
energy flux emitted by the light source. Nevertheless, the high 
temperature and high light-energy flux generally result in a 
gradual degradation of the luminescent material, gradually 
reducing the efficiency of the illumination system. In the 
illumination system according to the invention, the lumines 
cent material is applied away from the light Source in the 
Sub-set of recesses. This arrangement of the luminescent 
material reduces the requirements of the luminescent material 
to withstand the high temperature and the high light-energy 
flux, and, in addition, reduces the gradual degradation of the 
luminescent material. 

Light of a predominant wavelength comprises light of a 
predefined spectral bandwidth around a center wavelength. 
For example, a LED emitting light of the predominant wave 
length Blue emits light at the center wavelength of for 
example, 470 nm, having a spectral bandwidth of, for 
example, 10 nm. Another example of light of a predominant 
wavelength from a LED is light of the predominant wave 
length UV, having the central wavelength of, for example, 405 
nm, and a spectral bandwidth of for example, 5 nm. By using 
Red, Green and Blue, a full-color image (including white) can 
be generated by the illumination system, for example, when 
this system is applied in a display device. Also other combi 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
nations of light of predominant wavelengths may be used in 
the illumination system, for example, Red, Green, Blue, 
Cyan, Yellow and White. 

In an embodiment of the illumination system, the scatter 
ing material comprises a mixture of a plurality of luminescent 
materials, each luminescent material absorbing light of the 
predominant wavelength and emitting light of a further pre 
dominant wavelength. This embodiment has the advantage 
that a mixture of luminescent materials can be chosen so that 
a sum of the different further predominant wavelengths of the 
different luminescent materials covers a major part of the 
visible electromagnetic spectrum, resulting in an illumination 
system having a relatively high color-rendering index. This 
embodiment is especially beneficial in general illumination 
applications in which a relatively high color-rendering index 
is generally required to obtain a true reproduction of a color of 
an object when illuminated by the illumination system. 
An embodiment of the illumination system further com 

prises a beam-shaping element arranged substantially parallel 
to the light-emitting window for generating a predefined 
angular distribution of the light emitted from the light-trans 
mitting panel. The predefined angular distribution can be 
adapted, for example, by using the beam-shaping element to 
match the angular distribution required in a general lighting 
system Such as a luminaire. In a luminaire, the light emitted 
from the luminaire must be shielded in accordance with pre 
defined regulations, for example, for reducing glare from the 
luminaire. For example, the predefined regulations prescribe 
the angular distribution of the light emitted from the lumi 
naire to be limited to within, for example, 60° from an axis 
arranged perpendicularly to the light-emitting window. The 
beam-shaping elements may be, for example, an array of 
lenticular elements or, for example, an array of Fresnel-lens 
elements. The lenticular elements or Fresnel-lens elements 
are arranged, for example, in an array which is complemen 
tary to the two-dimensional array of recesses. 

In an embodiment of the illumination system, Substantially 
each recess in the array of recesses is constituted by an emis 
sion wall and a side wall extending between the emission wall 
and the rear wall, the emission wall being arranged substan 
tially parallel to the light-emitting window. Generally, the 
form and the dimensions of the emission wall together with 
the side wall contribute to the emission characteristic of the 
light-emitting panel. 

In an embodiment of the illumination system, the emission 
wall and the side wall of the recess are arranged substantially 
perpendicularly. Light, which is scattered from the scattering 
material through the emission wall, will generally be emitted 
by the light-transmitting panel via the light-emitting window, 
and light which is scattered from the scattering material 
through the side walls will generally be re-confined in the 
light-transmitting panel. The Substantially perpendicular 
arrangement of the emission wall and the side walls results in 
a clear separation of the light from the scattering material 
which is emitted by the light-emitting panel and the light from 
the scattering material which is confined inside the light 
emitting panel. 

In an embodiment of the illumination system, the light 
Source is constituted by a plurality of light-emitting diodes 
and a plurality of light entrance windows, wherein the plural 
ity of light-emitting diodes is arranged in a further Sub-set of 
further recesses of the two-dimensional array of recesses, the 
further recesses constituting the plurality of light entrance 
windows. This embodiment has the advantage that a single 
substrate arranged parallel to the rear wall can be used for 
mounting the light-emitting diodes and for applying the scat 
tering material. This simplifies the construction of the illumi 
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nation system and typically reduces production costs. This 
embodiment has the further advantage that the light emitted 
by the plurality of LEDs is mixed inside the light-transmitting 
panel and distributed substantially uniformly in the light 
transmitting panel. The light from the LEDs is coupled out via 
the scattering material in the sub-set of recesses. Differences 
or variations of emitted intensity and/or color between the 
different LEDs are mixed inside the light-transmitting panel, 
which improves the uniformity of the light emitted by the 
light-transmitting panel and precludes the need for binning 
the LEDs. 

In an embodiment of the illumination system, the plurality 
of light-emitting diodes are side-emitting light-emitting 
diodes arranged in the further sub-set of further recesses, the 
side-emitting light-emitting diodes being arranged to emit 
light, in operation, Substantially parallel to the light-emitting 
window. Use of side-emitting LEDs has the advantage that 
the further recesses may be identical to the recesses compris 
ing scattering material. Use of LEDs other than side-emitting 
LEDs generally requires the further recesses to include 
arrangements ensuring that the light from the LEDs is 
coupled into the light-transmitting panel. Such that the in 
coupled light is Subsequently transported through the light 
transmitting panel via total internal reflection. Such arrange 
ments may include, for example, a specific shape of an 
emission wall of the further recesses of the further sub-set. 
Use of side-emitting LEDs allows both the recesses compris 
ing scattering material and the further recesses to be identical, 
resulting in a simplification of the light-transmitting panel 
and typically a reduction of production costs. 

In an embodiment of the illumination system, the further 
recesses of the further sub-set are mixed with the recesses of 
the Sub-set, the mix of recesses and further recesses being 
distributed substantially regularly on the rear wall. This 
embodiment has the advantage that the LEDs are regularly 
distributed on the rear wall, thus allowing easier cooling of 
the LEDs. Furthermore, in the embodiment in which both the 
recesses comprising scattering material and the further 
recesses are identical, the distribution of the LEDs and of the 
scattering material in the two-dimensional array of recesses 
can be easily adapted without changing the light-transmitting 
panel. This allows easy alteration of the emission character 
istic of the light-transmitting panel. 
The invention also relates to a luminaire and a display 

device comprising the illumination system according to the 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other aspects of the invention are apparent from 
and will be elucidated with reference to the embodiments 
described hereinafter. 

In the drawings: 
FIGS. 1A and 1B are cross-sectional views of an illumina 

tion system according to the invention, 
FIG. 1C is a top view of an illumination system according 

to the invention, 
FIG. 2 is a cross-sectional view of a further embodiment of 

the illumination system according to the invention, 
FIGS. 3A, 3B, 3C and 3D are cross-sectional views and top 

views of a further recess arranged in the light-transmitting 
panel comprising a light-emitting diode, 

FIG. 4 is a cross-sectional view of the illumination system, 
illustrating which part of the scattered light is emitted and 
which part of the scattered light is re-confined in the light 
transmitting panel, 
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6 
FIG. 5A shows a luminaire comprising the illumination 

system according to the invention, and 
FIG. 5B shows a display device comprising the illumina 

tion system according to the invention. 
The Figures are purely diagrammatic and not drawn to 

scale. Particularly for clarity, Some dimensions are exagger 
ated strongly. Similar components in the Figures are denoted 
by the same reference numerals as much as possible. 

DESCRIPTION OF EMBODIMENTS 

FIGS. 1A and 1B are cross-sectional views of an illumina 
tion system 2, 4 according to the invention. The illumination 
system 2, 4 comprises at least one light Source, for example, 
a light-emitting diode 8, 10 (further also referred to as LED) 
for emitting light of a predominant wavelength R, G, B, UV. 
W, for example, the predominant wavelength White W (see 
FIG. 1A) or, for example, the predominant wavelength Ultra 
violet UV (see FIG. 2). The illumination system 2, 4 further 
comprises a light-transmitting panel 14 which comprises a 
light-emitting window 16, a rear wall 18 situated opposite 
said light-emitting window 16, and edge walls 20 extending 
between the light-emitting window 16 and the rear wall 18. 
The light-transmitting panel 14 is arranged to couple at least 
part of the light W emitted by the LED 8, 10 into the light 
transmitting panel 14. This can be done, for example, via the 
edge wall 20 comprising, for example, a light entrance win 
dow 21 (see FIG. 1A) or, for example, via a side wall 38 of a 
further recess 24 (see FIG. 1B). The light W in the light 
transmitting panel 14 is transported Substantially via total 
internal reflection between the light-emitting window 16 and 
the rear wall 18. The rear wall 18 is provided with a two 
dimensional array (see FIG. 1C) of recesses 22, 24. A sub-set 
of recesses 22 is distributed substantially regularly on the rear 
wall 18. Each recess 22A, 22B, 22C, 22D of the sub-set 22 
comprises scattering material 26, for example, particles of 
titanium oxide (TiO), or aluminum oxide (Al2O), or tanta 
lum oxide (TaOs), for coupling out the light W from the 
light-transmitting panel 14 through the light-emitting win 
dow 16. When light W from the light-transmitting panel 14 
reaches a particular recess 22A, 22B, 22C, 22D of the sub-set 
of recesses 22, the light W penetrates the particular recess 
22A, 22B, 22C, 22D and is scattered by the scattering mate 
rial 26. Subsequently, part of the scattered light W will be 
coupled out from the light-transmitting panel 14 and part will 
be re-confined in the light-transmitting panel 14 via total 
internal reflection. The regular distribution of the scattering 
material 26 on the rear wall 18 improves the uniformity of the 
light Wemitted via the light-emitting window 16. 

Each recess 22A, 22B, 22C, 22D, 24A, 24B (see FIGS. 2 
and 3) in the two-dimensional array of recesses 22, 24 com 
prises an emission wall 36 and a side wall 38 arranged 
between the emission wall 36 and the rear wall 18. The light 
W scattered away from the recess 22A, 22B, 22C, 22D via the 
emission wall 36 will generally be emitted by the light-trans 
mitting panel 14, and lightW" scattered away from the recess 
22A, 22B, 22C, 22D via the side wall 38 is typically re 
confined in the light-transmitting panel 14 and will generally 
be coupled out of the light-transmitting panel 14 via a Subse 
quent recess 22A, 22B, 22C, 22D of the sub-set of recesses 
22. This results in a clear separation of that part of the scat 
tered lightW" which is emitted by the light-transmitting panel 
14 and that part of the scattered lightW" which is re-confined 
inside the light-transmitting panel 14. 

FIGS. 1A and 1B show a substrate 15 on which, for 
example, the scattering material 26 is applied. Alternatively, 
the scattering material may be deposited in the recesses 22A, 
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22B, 22C, 22D of the sub-set of recesses 22. The LED 10 may 
also be applied, for example, on the substrate 15, in which 
case the substrate 15 preferably comprises electric contacts 
(not shown) to supply power to the LED 10. The substrate 15 
may be a flex-foil or a printed circuit board and is preferably 
at least partially specularly reflective to recycle the light that 
is scattered by the scattering material 26 in the direction of the 
substrate 15 back towards the light-emitting window 16. 

Light of a predominant wavelength R, G, B, UV, W com 
prises light of a predefined spectral bandwidth around a cen 
terwavelength. For example, a LED 8, 10 emitting light of the 
predominant wavelength Blue B (not shown) emits light at the 
center wavelength of for example, 470 nm, having a spectral 
bandwidth of for example, 10 nm. Another example of light 
of a predominant wavelength from a LED 8, 10 is light of the 
predominant wavelength UV (see FIG. 2) having the central 
wavelength of for example, 405 nm, and a spectral band 
width of for example, 5 nm. By using Red R (not shown), 
Green G (not shown) and Blue B, a full-color image (includ 
ing white) can be generated by the illumination system 2, 4, 
for example, when the illumination system 2, 4 is applied in a 
display device 50 (see FIG. 5). Also other combinations of 
light of predominant wavelengths R, G, B, UV, W may be 
used in the illumination system 2, 4, for example, Red R. 
Green G. Blue B, Cyan C (not shown), Yellow Y (not shown) 
and White W. 

FIG. 1A shows an embodiment of the illumination system 
2, in which the LED 8 is arranged at the edge wall 20 of the 
light-transmitting panel 14. The edge wall 20 comprises, for 
example, the light entrance window 21 for coupling in the 
lightW emitted by the LED8. Generally, the remainder of the 
edge wall 20 of the light-transmitting panel 14 is reflective to 
confine the light W inside the light-transmitting panel 14. 
FIG. 1A shows a beam of light W emitted by the LED 8. This 
beam of light W is reflected from the light-emitting window 
16 via total internal reflection and, after reflection, reaches 
one particular recess 22A, 22B, 22C, 22D of the sub-set of 
recesses 22 and enters this particular recess 22A, 22B, 22C, 
22D. The light W reaches the scattering material 26 in the 
particular recess 22A, 22B, 22C, 22D which scatters the light 
W. changing a direction of propagation of the light beam W. 
for example, into the light beam W. The scattered light beam 
W is emitted via the emission wall 36 of the particular recess 
22A, 22B, 22C, 22D, via the light-emitting window 16, away 
from the light-transmitting panel 14. 

FIG. 1B shows an embodiment of the illumination system 
4 which comprises at least one side-emitting LED 10 
arranged in a further sub-set of further recesses 24. The illu 
mination system 4 preferably comprises a plurality of side 
emitting LEDs (see FIG. 1C) arranged in the further recesses 
24A, 24B of the further sub-set 24, regularly distributed 
between the sub-set of recesses 22. The side-emitting LEDs 
emit light Substantially parallel to the light-emitting window 
16 via the side wall 38 of a further recess 24A, 24B. This 
arrangement of side-emitting LEDs 10 allows effective cou 
pling of the light Wemitted by the side-emitting LED into the 
light-transmitting panel 14, Such that the light inside the 
light-transmitting panel 14 is transported via total internal 
reflection. FIG. 1B again shows a beam of light Wemitted by 
the LED 10. This beam of light W is reflected from the 
light-emitting window 16 via total internal reflection and 
enters the particular recess 22A, 22B, 22C, 22D. The light W 
is scattered by the scattering material 26 in the particular 
recess 22A, 22B, 22C, 22D. The scattered light beam W is 
emitted via the emission wall 36 of the recess 22A, 22B, 22C, 
22D, via the light-emitting window 16 and via a beam-shap 
ing element 30, away from the light-transmitting panel 14. 
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8 
The illumination system 2, 4 according to the invention 

shown in FIG. 1B comprises the beam-shaping element 30. 
The beam-shaping element30 is preferably arranged substan 
tially parallel to the light-emitting window 16 of the light 
transmitting panel 14. In FIG. 1B, a small gap 33 is arranged 
between the beam-shaping element 30 and the light-transmit 
ting panel 14. The gap 33 may be filled, for example, with air 
or with a material having a specific refractive index, which 
ensures that the light Winside the light-transmitting panel 14 
is substantially confined via total internal reflection. Alterna 
tively, the beam-shaping element 30 is constituted by a mate 
rial having the specific refractive index, in which case the gap 
33 shown in FIGS. 1A and 1B may be omitted and the beam 
shaping element 30 may be directly applied to the light 
emitting window 16. The beam-shaping element 30 generates 
a predefined angular distribution 32 (see FIG. 4) of the light 
W which is emitted from the light-transmitting panel 14. The 
predefined angular distribution 32, for example, matches the 
angular distribution 32 required in a general lighting system 
such as aluminaire 40 (see FIG.5). In aluminaire 40, the light 
W emitted from the luminaire 40 must be shielded in accor 
dance with predefined regulations, for example, for reducing 
glare from the luminaire 40. For example, the predefined 
regulations prescribe the angular distribution 32 of the light 
emitted from the luminaire 40 to be limited to within, for 
example, 60° from an axis 34 (see FIG. 4) arranged perpen 
dicularly to the light-emitting window 16. The beam-shaping 
element 30 may be, for example an array of lenticular ele 
ments 30 or, for example, an array of Fresnel-lens elements 
(not shown). The lenticular elements 30 or Fresnel-lens ele 
ments are arranged, for example, in an array complementary 
to the sub-set of recesses 22 (see FIG. 1C). Alternatively, the 
emission wall 36 of the recesses 22A, 22B, 22C, 22D may be 
convex (not shown) or concave (not shown) so as to constitute 
a further beam-shaping element. 

In an embodiment of the illumination system 4, the sub-set 
of recesses 22 and the further sub-set of further recesses 24 
are identical recesses 22A, 22B, 22C, 22D, 24A, 24B. This 
embodiment has the advantage that the production of the 
light-transmitting panel is simplified. It has the further advan 
tage that the distribution of the recesses 22A, 22B, 22C, 22D 
and the further recesses 24A, 24B can be easily changed 
without changing the light-transmitting panel 14, for 
example, by changing the distribution of the LEDs 10 and/or 
scattering material 26 on the Substrate 15. Changing the dis 
tribution of the recesses 22A, 22B, 22C, 22D and the further 
recesses 24A, 24B, for example, changes a light emission 
characteristic of the illumination system 2, 4. 

Alternatively, the illumination system 2, 4 according to the 
invention comprises LEDs arranged both at the edge wall 20 
and in the further sub-set of recesses 24. 
FIG.1C is a top view of an illumination system 4 according 

to the invention. The Sub-sets of recesses 22 comprising the 
scattering material 26 are distributed Substantially regularly 
across the light-transmitting panel 14. Mixed between the 
recesses 22A, 22B, 22C, 22D comprising the scattering mate 
rial 26 is a plurality of further recesses 24A, 24B of the further 
Sub-set 24, each comprising a side-emitting LED 10 emitting 
light substantially parallel to the light-emitting window 16 
into the light-transmitting panel 14. FIG.1C further shows the 
beam-shaping element 30 constituted by, for example, an 
array of lenticular elements 30 arranged in an array comple 
mentary to the two-dimensional array of recesses 22, 24. 

FIG. 2 is a cross-sectional view of a further embodiment of 
the illumination system 6 according to the invention. In the 
embodiment shown in FIG. 2, the illumination system 6 com 
prises a plurality of LEDs arranged in the further sub-set of 
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further recesses 24 mixed with the sub-set of recesses 22, 
identical to the illumination system 4 shown in FIGS. 1B and 
1C. The LEDs 10 arranged in the further recesses 24A, 24B 
are preferably side-emitting LEDs 10 emitting light of the 
predominant wavelength, for example, Ultraviolet UV. The 
recesses 22A, 22B, 22C, 22D comprise a luminescent mate 
rial 28 which, for example, absorbs the light of the predomi 
nant wavelength Ultraviolet UV and emits light of a further 
predominant wavelength, for example, Red R (indicated by a 
broken line in FIG. 2). 

In known illumination systems, luminescent material is 
directly applied to LEDs so as to change the predominant 
wavelength emitted by a LED into a further predominant 
wavelength. This luminescent material must be able to with 
stand, in operation, a relatively high temperature of the LED, 
and at the same time withstand, in operation, a relatively high 
light-energy flux emitted by the LED. In the illumination 
system 2, 4, 6 according to the invention shown in FIG. 2, the 
luminescent material 28 is arranged in the recesses 22A, 22B, 
22C, 22D of the sub-set of recesses 22. The luminescent 
material 28 absorbs light of the predominant wavelength 
Ultraviolet UV and emits light of the further predominant 
wavelength Red R. The luminescent material 28 is located 
remotely from the LEDs 10, which relaxes the need for the 
luminescent material 28 to withstand a relatively high tem 
perature and a relatively high light-energy flux. Because of 
these relaxed temperature and light-energy flux requirements, 
an increased range of different luminescent materials 28 may 
be used in the arrangement shown in FIG. 2. Furthermore, a 
relatively high temperature and a relatively highlight-energy 
flux generally result in a gradual degradation of the lumines 
cent material 28. The arrangement shown in FIG. 2 reduces 
the gradual degradation of the luminescent material 28, 
increasing the lifetime of the illumination system 8. 
When using a plurality of LEDs 8, 10, the illumination 

system 2, 4, 6 according to the invention mixes the light W. 
UV emitted by the plurality of LEDs 8, 10 inside the light 
transmitting panel 14. This mixing of light W. UV in the 
light-transmitting panel 14 has the advantage that differences 
between the LEDs 8, 10 in the plurality of LEDs 8, 10 are 
Substantially not visible, thus precluding the need forbinning 
the LEDs 8, 10. Furthermore, due to mixing of the light W. 
UV, the emission of the light W, R over the light-emitting 
window 16 remains substantially uniform, even when, for 
example, one of the LEDs 8, 10 in the plurality of LEDs 8, 10 
fails. The uniformity of the light W. Remitted by the light 
transmitting panel 14 is mainly determined by the distribution 
of the Sub-set of recesses 22 comprising the scattering mate 
rial 26 or the luminescent material 28, and is determined by a 
uniform distribution of the scattering material 26 or lumines 
cent material 28 in each recess 22A, 22B, 22C, 22D. For 
example, the scattering material 26 or luminescent material 
28 can be applied substantially uniformly by using well 
known methods such as Screen printing, inkjet printing or 
electrophoretic coating. 

FIGS. 3A, 3B, 3C and 3D are cross-sectional views (FIGS. 
3A and 3C) and top views (FIGS. 3B and 3D) of one further 
recess 24A of the further sub-set of further recesses 24 
arranged in the light-transmitting panel 14 comprising a LED 
10. 

In FIGS. 3A and 3B, the further recess 24A is a cylindri 
cally shaped further recess 24A comprising the side-emitting 
LED 10. The side wall 38 is arranged substantially perpen 
dicularly to the emission wall 36 of the further recess 24A. In 
the embodiment shown in FIGS. 3A and 3B, the side-emitting 
LED 10 emits light W substantially in all directions parallel to 
the light-emitting window 16 of the light-transmitting panel 
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10 
14. Substantially the only light passing from the further recess 
24A into the light-transmitting panel 14 via the emission wall 
36 is stray light, resulting, for example, from reflections 
inside the further recess 24A. 

In FIGS. 3C and 3D, the further recess 24A is a cube 
shaped further recess 24A comprising the side-emitting LED 
12. The side-emitting LED 12 emits light W substantially in 
one direction parallel to the light-emitting window 16 of the 
light-transmitting panel 14. A further recess 24C comprising 
a side-emitting LED 12 which substantially emits light only 
in one direction preferably comprises a reflecting surface 25 
at the sides of the cube-shaped further recess 24C which is not 
used for emitting light into the light-transmitting panel 14. 
The reflecting surface 25 may be, for example, a reflective foil 
25 (for instance, aluminum or ESR-foil), or a reflective layer 
(for instance, a layer of aluminum, silver, or gold) deposited 
into the hole so that one side of the cube-shaped further recess 
24C is not covered to allow emission of the light from the 
cube-shaped further recess 24C. 

FIG. 4 is a cross-sectional view of the illumination system 
4, illustrating which part of the scattered light W is emitted 
and which part of the scattered light is re-confined in the 
light-transmitting panel 14. The dotted areas illustrate where 
light is emitted from the recess 22A, 22B, 22C, 22D, either 
from the emission wall 36 or from the side wall 38. The dotted 
areas are defined by angles C. and B which are determined by 
a combination of a refractive index of the light-transmitting 
panel 14 and a refractive index inside the recess 22A, 22B, 
22C, 22D. In an embodiment in which the scattering material 
26 is arranged in air (refractive index inside the recess 22A, 
22B, 22C, 22D is substantially equal to one. n=1.0) and in 
which the light-transmitting panel is constituted by, for 
example, glass (having a refractive index of approximately 
1.5: n=1.5), the angles C. and B are approximately 42. As a 
result, substantially all light W emitted from the recess 22A, 
22B, 22C, 22D via the side wall 38 is confined in the light 
transmitting panel 14 via total internal reflection. Further 
more, substantially all light W emitted from the recess 22A, 
22B, 22C, 22D via the emission wall 36 is emitted by the 
light-transmitting panel 14 via the light-emitting window 16. 
The illumination system 4 shown in FIG. 4 further comprises 
a beam-shaping element 30, which determines the angular 
distribution 32 of the light emitted by the illumination system 
4. In a luminaire 40 (see FIG. 5), the light emitted from the 
luminaire 40 must be shielded in accordance with predefined 
regulations, for example, for reducing glare from the lumi 
naire 40. For example, the predefined regulations prescribe 
that the angular distribution 32 of the light emitted from the 
luminaire 40 must be within, for example, 60° from an axis 34 
arranged perpendicularly to the light-emitting window 16. 
The beam-shaping element 30 is, for example, arranged to 
obtain this angular distribution 32. The beam-shaping ele 
ment 30 may be, for example, an array of lenticular elements. 
The pitch of the lenticular elements is preferably chosen to be 
such that all light emitted from a single recess 22A, 22B, 22C, 
22D is captured by a single lenticular element. 

FIG. 5A is a schematic representation of a luminaire 40 
comprising the illumination system 4 according to the inven 
tion. A luminaire is a complete lighting unit, for example, 
used in offices, shops, at home, or used, for example, as 
lighting unit for street lights. The angular distribution 32 (see 
FIG. 4) of the light emitted from the luminaire 40 must be 
generally limited to avoid glare, which can be influenced by 
using the beam-shaping element 30. However, the color-ren 
dering index should be preferably as high as possible so that 
the illumination of an object (not shown) by the luminaire 40 
results in a true reproduction of the color of the object. This 
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high color-rendering index can be obtained by using, for 
example, a broad mixture of different luminescent materials 
28, together emitting light Substantially covering the full vis 
ible electromagnetic spectrum. 

FIG. 5B is a schematic representation of a display device 
50 comprising the illumination system 4 according to the 
invention. The display device 50 typically comprises a non 
emissive display 52. Such as an array of liquid crystal cells 
which, by varying the transmission of cells in the array of 
liquid crystal cells, is able to create an image on the display 
52. The illumination system 4 is used as a backlighting sys 
tem. The requirements regarding the angular distribution of 
the emitted light and the color-rendering index of the emitted 
light are typically different as compared with the luminaire 
40. Both can be adapted by using, for example, the beam 
shaping element 30, and a mixture of luminescent material 28 
or a mixture of different LEDs, respectively. 

It should be noted that the above-mentioned embodiments 
illustrate rather than limit the invention, and that those skilled 
in the art will be able to design many alternative embodiments 
without departing from the scope of the appended claims. 

In the claims, any reference signs placed between paren 
theses shall not be construed as limiting the claim. Use of the 
verb “comprise' and its conjugations does not exclude the 
presence of elements or steps other than those stated in a 
claim. The article “a” or “an' preceding an element does not 
exclude the presence of a plurality of such elements. The 
invention may be implemented by means of hardware com 
prising several distinct elements. In the device claim enumer 
ating several means, several of these means may be embodied 
by one and the same item of hardware. The mere fact that 
certain measures are recited in mutually different dependent 
claims does not indicate that a combination of these measures 
cannot be used to advantage. 
The invention claimed is: 
1. An illumination system, comprising: 
a Substrate providing electrical connectivity to a plurality 

of LEDs mounted on a rear wall of a light transmitting 
panel and facing a plurality of respective light entrance 
windows of said side wall; 

said light transmitting panel having a plurality of recesses, 
said plurality of recesses formed along a rear wall, said 
light transmitting panel fixedly mounted over said Sub 
Strate; 

said recesses forming a set of light scattering recesses and 
a set of light emitting recesses wherein each of said light 
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Scattering recesses has a top wall forming a light emit 
ting wall and a side wall extending downward from said 
top wall to said rear wall; 

each of said light scattering recesses Surrounding light 
Scattering material positioned over said Substrate which 
receives light from at least one of said LEDs and trans 
mits scattered light through said correlated light emit 
ting wall and outward through said light transmitting 
panel; 

wherein each of said light emitting recesses forms a further 
Subset of further recesses, said further subset of further 
recesses mounted-parallel to said rear wall; 

wherein the light emitted by said plurality of LEDs is 
mixed inside said light transmitting panel and is distrib 
uted Substantially uniformly in said light transmitting 
panel. 

2. An illumination system, comprising: 
a substrate providing electrical connectivity to an LED 

mounted optically adjacent, to an edge wall of a light 
transmitting panel and facing a light entrance window of 
said side wall; 

said light transmitting panel having a plurality of recesses, 
said plurality of recesses formed along a rear wall, said 
light transmitting panel in direct contact with said Sub 
strate and fixedly mounted over said substrate; 

said edge wall extending between said rear wall and said 
light transmitting panel; 

said recesses forming a set of light scattering recesses 
wherein each of said light scattering recesses has a top 
wall forming a light emitting wall and a side wall extend 
ing downward from said top wall to said rear wall; 

each of said light scattering recesses surrounding light 
Scattering material positioned over said Substrate which 
receives light from said LED and transmits scattered 
light through said correlated light emitting wall and 
outward through said light transmitting panel; 

wherein said light emitting diode is mounted relative to 
said rear wall to emit light through said light entrance 
window; 

wherein the light emitted by said LED is mixed inside said 
light transmitting panel and is distributed Substantially 
uniformly in said light transmitting panel. 

3. The illumination system of claim 2 wherein each of said 
recesses are Substantially cylindrical. 
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